Autocorrelation Function for Monitoring the Gap between The Steel Plates During Laser Welding  by Mrna, Libor & Hornik, Petr
 Physics Procedia  83 ( 2016 )  1223 – 1232 
Available online at www.sciencedirect.com
1875-3892 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
doi: 10.1016/j.phpro.2016.08.129 
ScienceDirect
 
WK,QWHUQDWLRQDO&RQIHUHQFHRQ3KRWRQLF7HFKQRORJLHV/$1(
$XWRFRUUHODWLRQIXQFWLRQIRUPRQLWRULQJWKHJDSEHWZHHQWKHVWHHO
SODWHVGXULQJODVHUZHOGLQJ
/LERU0UQDD3HWU+RUQLND
aInstitute of Scientific instrument, Czech Academy of Sciences, Kralovopolska 147, 612 64 Brno, Czech republic 
$EVWUDFW
3URSHUDOLJQPHQWRI WKHSODWHVSULRU WRODVHUZHOGLQJUHSUHVHQWVDQLPSRUWDQWIDFWRU WKDWGHWHUPLQHVWKHTXDOLW\RI WKHUHVXOWLQJ
ZHOG$JDSEHWZHHQWKHSODWHVLQDEXWWRURYHUODSMRLQWDIIHFWVWKHRVFLOODWLRQVRIWKHNH\KROHDQGWKHVXUURXQGLQJZHOGSRRO:H
SUHVHQWDQH[SHULPHQWDOVWXG\RI WKHEXWWDQGRYHUODSZHOGVZLWKWKHDUWLILFLDOJDSRI WKHGLIIHUHQW WKLFNQHVVRI WKHSODWHV7KH
ZHOGV ZHUH PDGH RQ D  N: ILEHU ODVHU PDFKLQH IRU WKH VWHHO SODWHV DQG WKH YDULRXV ZHOGLQJ SDUDPHWHUV VHWWLQJV 7KH
HLJHQIUHTXHQF\RIWKHNH\KROHRVFLOODWLRQVDQGLWVFKDQJHVZHUHGHWHUPLQHGIURPWKHOLJKWHPLVVLRQVRIWKHSODVPDSOXPHXVLQJ
DQDXWRFRUUHODWLRQIXQFWLRQ$VDUHVXOWZHGHVFULEHWKHUHODWLRQVEHWZHHQWKHDXWRFRUUHODWLRQFKDUDFWHULVWLFVWKHWKLFNQHVVRIWKH
JDSEHWZHHQSODWHVDQGWKHZHOGJHRPHWU\
&RS\ULJKWOLQHZLOODSSHDUKHUH
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH%D\HULVFKHV/DVHU]HQWUXP*PE+
Keywords:ODVHUZHOGLQJSURFHVVPRQLWRULQJDXWRFRUUHODWLRQIXQFWLRQ
,QWURGXFWLRQ
7KH VL]HRI WKH JDSEHWZHHQ VKHHWV DW ODVHUZHOGLQJ LV DQ LPSRUWDQW SDUDPHWHUZKLFKKDV DQ LQIOXHQFHRQ WKH
UHVXOWRIVHDPVWUHQJWK0RQLWRULQJRIWKHJDSLQFDVHRIRYHUODSDQGEXWWZHOGZDVQRWLQYHVWLJDWHGLQGHWDLO
*UHDW SURJUHVVHV LQ UHDO NH\KROH GHSWK PHDVXUHPHQW ZHUH PDGH E\ %DXW]H DQG 0 .RJHO+ROODFKHU 
1HYHUWKHOHVVRXUDUWLFOHIRFXVHVRQSRVVLELOLW\RIPRQLWRULQJZHOGVHDPSDUDPHWHUVLQFOXGLQJGHSWKEDVHGRQZHOG
SRROHLJHQIUHTXHQFLHVDQGWKHLUYDULDWLRQ
7KHILUVWWKHRUHWLFDOVWXGLHVGHDOZLWKVLPSOHRVFLOODWLRQVRIWKHZHOGSRROZKLFKKDVDF\OLQGULFDOVKDSH7KLVZHOG
SRRO FDQRVFLOODWH LQ D WKUHHEDVLFPRGHV UDGLDO D]LPXWKDO DQG D[LDO'HSHQGLQJRQJHRPHWULFDO GLPHQVLRQV DQG


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:PUQD#LVLEUQRF]
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
1224   Libor Mrna and Petr Hornik /  Physics Procedia  83 ( 2016 )  1223 – 1232 
SURSHUWLHV RI WKH OLTXLG VKHDWK RI WKH NH\KROH WKHUH H[LVW D ORW RI HLJHQIUHTXHQFLHV ZLWK GLIIHUHQW GDPSLQJ DV
GHVFULEHGE\-.URRVHWDO DQG7.OHLQHWDO  ,Q UHDOLW\ZHOGSRROKDVPRUHFRPSOH[VKDSH WKDW
PRGLILHVLWVHLJHQIUHTXHQFLHVE\0%ROH\HWDO
$VHSDUDWHSUREOHPLVWKHGHWHFWLRQRUPRQLWRULQJRIWKHZHOGSRROHLJHQIUHTXHQFLHV2QHSRVVLELOLW\LVUHFRUGLQJ
DQGLPDJHSURFHVVLQJRIWKHLPDJHRIWKHNH\KROHLQSXWRSHQLQJE\DKLJKVSHHGFDPHUDZKLFKLVFRD[LDOO\DWWDFKHG
WR WKHZHOGLQJKHDG7KHGLVDGYDQWDJHRI WKLVDSSURDFK LV WKDWZHFDQQRWREVHUYH WKHD[LDORVFLOODWLRQVLQGHHSHU
SDUWLQNH\KROH
6HFRQGO\DQRWKHUVLPSOHUPHWKRGLVEDVHGRQPRQLWRULQJRIWKHSODVPDSOXPHUDGLDWLRQRYHUWKHNH\KROH7KLV
UDGLDWLRQKDVDFKDUDFWHURIVKDUSSHDNVEHFDXVHWKHSODVPDJRHVIURPNH\KROHLQDIRUPRIVHSDUDWHÄHUXSWLRQV³,W
ZDVGHPRQVWUDWHGWKDWWLPLQJRIWKHVHSHDNVKDVDFKDUDFWHURIGHWHUPLQLVWLFFKDRVGHVFULEHGE\=6]\PDQVNLHWDO
 7KH H[SODQDWLRQ RI WKLV EHKDYLRU E\ PHDQV RI D IHHGEDFN DV D UHVXOW RI WKH GHSHQGHQFH RI WKH SODVPD
DEVRUSWLRQRQ WHPSHUDWXUHZDVGHVFULEHGE\/0UQDHWDO 7KH UHVXOWRI WKLVSKHQRPHQRQ LV D UHOD[DWLRQ
EHKDYLRURISODVPDLQWKHNH\KROH
7KH))7PHWKRGLVRIWHQXVHGIRUWKHDQDO\VLVRIUDGLDWLRQRISODVPDSOXPH,QWKHFDVHRI67)7ZKLFKJHQHUDWHV
DZDWHUIDOOGLDJUDPZHFDQREVHUYH³IUHTXHQF\VWULS´RQWKHEDFNJURXQGRIQRLVHLQWKHUDQJHRIVHYHUDOKXQGUHGVRI
+]±LWFRUUHVSRQGVZLWKWKHWKHRUHWLFDOSUHGLFWLRQ7KLVVWULSLVRIWHQOLJKWDQGIDGHVLQEDFNJURXQGQRLVH*HQHUDOO\
WKH VLJQDO ZKLFK FRQVLVWV RI PDQ\ LUUHJXODU VKDUS SHDNV LV QRW VXLWDEOH IRU ))7 DQDO\VLV EHFDXVH WKH IUHTXHQF\
VSHFWUXPKDVPDQ\IUHTXHQF\FRPSRQHQWVZLWKVLPLODUDPSOLWXGHDQGKDVDFKDUDFWHURIWKHFRORUQRLVH
)RUDQDO\]LQJRISODVPDSOXPHUDGLDWLRQLWLVEHWWHUWRXVHWKHDXWRFRUUHODWLRQIXQFWLRQE\0UQDHWDO
$XWRFRUUHODWLRQIXQFWLRQ
$V PHQWLRQHG LQ WKH SUHYLRXV FKDSWHU LW LV SUHIHUDEOH WR XVH WKH DXWRFRUHOODWLRQ IXQFWLRQ IRU VLJQDO DQDO\VLV
UDGLDWLRQRISODVPDSOXPH,WORRNVIRUUHSHWLWLYHVHTXHQFHVLQDVLJQDOUHFRUGLQJ,QWKLVFKDSWHUZHVKRZVRPHRI
WKH SURSHUWLHV RI WKLV IXQFWLRQ RQ H[DPSOHV UHODWHG WR LVVXHV RI ODVHU ZHOGLQJ 0RUH SURSHUWLHV RI FRUUHODWLRQ
WHFKQLTXHVDUHGHVFULEHGE\/DQJHHWDO7KHGLVFUHWHQRUPDOL]HGDXWRFRUUHODWLRQIXQFWLRQR(W)ZLWKWKHWLPH
ODJWIRUDUHDOGLVFUHWHVLJQDOI(t)ZLWKWKHPHDQYDOXHPLVGHILQHGDV
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,Q )LJ  ZH FDOFXODWHG WKH FRPSDULVRQ RI WKH VLJQDO I(t) DQG WKH FRUUHVSRQGLQJ DXWRFRUUHODWLRQR(W) IRU WZR
GLIIHUHQWVLJQDOW\SHV,I WKHVLJQDOI(t)UHSUHVHQWVD*DXVVLDQQRLVH WKHDXWRFRUUHODWLRQR(W)KDVDVKDUSPD[LPXP
IRUW = 0)RUDSHULRGLFVLJQDOI(t), ZHREWDLQWKHIXQFWLRQR(W)WKDWRVFLOODWHVZLWKWKHVDPHSHULRGDQGKDVOLQHDUO\
GHFUHDVLQJHQYHORSHGXHWRWKHILQLWHVLJQDOOHQJWK
ƚ΀Ɛ΁ʏ΀Ɛ΁

)LJ$XWRFRUUHODWLRQIXQFWLRQ5ĲIRUWKHVLJQDO,WUHSUHVHQWLQJD*DXVVLDQQRLVHESHULRGLFVLJQDO
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
6LPLODUO\ DV 67)7 JLYHV D ZDWHUIDOO GLDJUDP ZH FDQ GLVSOD\ WKH DXWRFRUUHODWLRQ IXQFWLRQ LQ VLPLODU IRUP
,QIRUPDWLRQDERXWRVFLOODWLRQVRIWKHNH\KROHGXULQJWKHZHOGLQJLVWKHQPRUHYLVLEOH)LJVKRZVVHYHUDOVDPSOHV

 
)LJD$XWRFRUUHODWLRQIXQFWLRQRISHULRGLFVLQXVIXQFWLRQ+]
DVZDWHUIDOOGLDJUDPDQGDVDYHUDJH'SORW


)LJE$XWRFRUUHODWLRQIXQFWLRQRISHULRGLFWULDQJXODUIXQFWLRQ
+]DVZDWHUIDOOGLDJUDPDQGDVDYHUDJHSORW
 
)LJF$XWRFRUUHODWLRQIXQFWLRQRISHULRGLFVLQXVIXQFWLRQZLWK
UDQGRPSKDVHGLVFRQWLQXLW\DVZDWHUIDOOGLDJUDPDQGDVDYHUDJH
SORW
)LJG$XWRFRUUHODWLRQIXQFWLRQRISHULRGLFWULDQJXODUIXQFWLRQ
+]ZLWKMLWWHUPVDVZDWHUIDOOGLDJUDPDQGDVDYHUDJHSORW
([SHULPHQWDOVHWXS
7KH H[SHULPHQWV ZHUH FDUULHG RXW RQ D ODVHU ZHOGLQJ PDFKLQH HTXLSSHG ZLWK D  N: <E<$* ILEHU ODVHU
RSHUDWLQJDWWKHZDYHOHQJWKRIPP7KHIRFDOGLVWDQFHRIZHOGLQJKHDGLVPPWKHGLDPHWHURIIRFXVVSRWLV
 PP 7KH LQWHQVLW\ RI WKH OLJKW HPLVVLRQV SURGXFHG GXULQJ WKH ZHOGLQJ ZDV FRQWLQXRXVO\ GHWHFWHG E\ D
SKRWRGHWHFWRUSRLQWHGDWWKHSODVPDSOXPHWKHYLHZLQJDQJOHrWKHZDYHOHQJWKUDQJHQPVDPSOHGE\
DGDWDDFTXLVLWLRQGHYLFHDWWKHN+]VDPSOHUDWHDQGVWRUHGLQD3&IRUIXUWKHUDQDO\VLV7ZRVHWVRIH[SHULPHQW
ZHUHFDUULHGRXWIRUEXWWZHOGDQGIRURYHUODSZHOG)RUHDFKZHOGZDVVHWWKHYDOXHRIJDS7KHH[SHULPHQWDOVHWXS
LVVKRZQLQ)LJ,QFDVHRIRYHUODSZHOGWKHJDSZDVVHWE\DGLVWDQFHVKHHWZLWKDSSURSULDWHWKLFNQHVV)RUEXWW
ZHOGWKHVKHHWVZHUHZHOGHGE\7,*RQERWKHQGVEHIRUHH[SHULPHQWLQJZLWKDGHTXDWHJDSFKHFNHGZLWKDIHHOHU
JDXJH7KHVKHHWVZHUHPDGHRXWRIDFRPPRQDXVWHQLWLFVWHHO;&U1L
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([SHULPHQWDOUHVXOWV

4.1. Overlap weld 
 
)RURYHUODSZHOGZHXVHGWZRXSSHUVKHHWVZLWKWKLFNQHVVDQGPP7KHORZHUVKHHWZDVDOZD\VPPWKLFN
IRU SDUWLDO SHQHWUDWLRQ LQ DOO H[SHULPHQWV:HOGLQJ VSHHGZDV FRQVWDQW IRU VDPH XSSHU VKHHW WKLFNQHVV%XW WKUHH
GLIIHUHQW ODVHUSRZHUVZHVHW7KXVZHJHWWKUHHGLIIHUHQWZHOGLQJGHSWKV7KHJDSJURZVVWHHSO\IURPWR
PP&URVVVHFWLRQRIWKHZHOGIRUGLIIHUHQWZHOGLQJSDUDPHWHUVDQGGLIIHUHQWJDSVDUHLQ)LJ
 


)LJ/HIWH[SHULPHQWDOVHWXSIRURYHUODSZHOG±SODVPDSOXPH±XSSHUVKHHW±ORZHUVKHHW±VHDP±FODPS±FODPSLQJVFUHZ
GLVWDQFHVKHHW±IUDPH±ODVHUEHDPEDVLFSODWH±VKLHOGLQJJDV±FRD[LDOQR]]OH±SKRWRGHWHFWRU5LJKWH[SHULPHQWDO
VHWXSIRUDEXWWZHOG

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,Q WKH ILUVW FROXPQ SDUDPHWHUV DQG JDS PP ZH FDQ VHH VRFDOOHG ÄIDOVH IULHQG³ HIIHFW ,W LV HYLGHQW WKDW
GLIIHUHQWJDSJLYHVDGLIIHUHQWVHDPJHRPHWU\)RUPPJDSZHREVHUYHVHDPVZLWKRGGJHRPHWU\HVSHFLDOO\IRU
WKLQQHU VKHHW 7KLV GLIIHUHQW JHRPHWU\ KDV DQ LQIOXHQFH RQ HLJHQIUHTXHQF\ RI WKH NH\KROH ,Q ILJXUH  WKHUH DUH
ZDWHUIDOOGLDJUDPVIRURQHVHWRIZHOGLQJSDUDPHWHUVDQGDOOYDOXHVRIJDSV
 
hƉƉĞƌƐŚĞĞƚϭ͕Ϭŵŵ hƉƉĞƌƐŚĞĞƚϮ͕Ϭŵŵ
ŐĂƉϬ͕Ϭŵŵ     
WϭϬϬϬt
ǀϯϬŵŵͬƐ
WϭϮϬϬt
ǀϯϬŵŵͬƐ
WϭϰϬϬt
ǀϯϬŵŵͬƐ
WϭϮϬϬt
ǀϮϬŵŵͬƐ
WϭϰϬϬt
ǀϮϬŵŵͬƐ
WϭϲϬϬt
ǀϮϬŵŵͬƐ
ŐĂƉϬ͕ϱŵŵ     

)LJ&URVVVHFWLRQRIZHOGIRUGLIIHUHQWZHOGLQJSDUDPHWHUVGLIIHUHQWWKLFNQHVVRIXSSHUVKHHWDWZRGLIIHUHQWJDSEHWZHHQXSSHUDQGORZHU
VKHHW

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*DSVDQGPPIURP)LJUHSUHVHQWVRFDOOHGÄIDOVHIULHQG³FDVHVZKHQWKHVKHHWVDUHQRWZHOGHGWRJHWKHU
RQGLVWDQFHPDUNHGE\WKHYLROHWOLQH,QWKHVHVHFWLRQVWKHFKDUDFWHURIWKHDXWRFRUUHODWLRQIXQFWLRQFKDQJHV,WFDQ
EHVHHQLQILJXUH
)LJ:DWHUIDOOGLDJUDPIRUXSSHUVKHHWPPODVHUSRZHU:VSHHGPPVDQGVL[GLIIHUHQWJDSV,QWKHFDVHODVWWZRJDSV
DQGPPRFFXURQWKHSDUWRIVHDPVRFDOOHGÄIDOVHIULHQG³YLROHWOLQH
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

)LJ&RPSDUHRIWKHDXWRFRUUHODWLRQIXQFWLRQIRUXSSHUVKHHWPPSRZHU:VSHHGPPV*DSPPDQGJDSPPZLWK
ÄIDOVHIULHQG³VHDP5PLVDUDWLREHWZHHQILUVWPLQLPXPDQGPD[LPXP

,QILJXUHVDQGZHFDQIROORZDVLPSOHGHWHFWLRQRIWKHIDOVHIULHQGZHOGEHFDXVHQRWRQO\WKHILUVWPD[LPXP
RIWKHDXWRFRUUHODWLRQIXQFWLRQKDVFKDQJHGEXWDOVRLWVZKROHVKDSH1H[WILQGLQJLVDQRYHUDOOGHFOLQHLQ³DFWLYLW\RI
WKHDXWRFRUUHODWLRQIXQFWLRQ´HVSHFLDOO\ LQ WKHORQJHU WLPHODJ%DVHGRQWKLV LWFDQEHDVVXPHGWKDW OHVVFRKHUHQW
RVFLOODWLRQVRIWKHNH\KROHRFFXU7KHVLWXDWLRQIRURWKHUVZHOGLQJSDUDPHWHUVLVVLPLODU

4.2. Butt weld 

,WLVDVLPSOLILHGVLWXDWLRQLQWKHFDVHRIDEXWWZHOG)RUHDFKVKHHWWKLFNQHVVRQO\RQHVHWRIZHOGLQJSDUDPHWHUV
ZDVXVHG,Q)LJXUHWKHUHDUHFURVVVHFWLRQVRIWKHVHDPLQGHSHQGHQFHRQWKLFNQHVVRIWKHPDWHULDODQGRQWKHJDS
EHWZHHQVKHHWV
 
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Ϭ͕Ϭŵŵ Ϭ͕ϭŵŵ Ϭ͕Ϯŵŵ
)LJD&URVVVHFWLRQRIZHOGIRUWKLFNQHVVPPDQGIRUWUHHGLIIHUHQWJDSVEHWZHHQVKHHWV
Ϭ͕Ϭŵŵ Ϭ͕ϭŵŵ Ϭ͕Ϯŵŵ
)LJE&URVVVHFWLRQRIZHOGIRUWKLFNQHVVPPDQGIRUWUHHGLIIHUHQWJDSVEHWZHHQVKHHWV3 :Y PPV$U

'XHWRWKHVL]HRIWKHODVHUVSRWLWZDVQRWSRVVLEOHWRZHOGWKHVKHHWVZLWKDJDSJUHDWHUWKDQPP/LNHWKH
RYHUODSZHOGWKHJDSDIIHFWVWKHDSSHDUDQFHRIWKHDXWRFRUUHODWLRQIXQFWLRQLQ)LJXUH
 
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)LJ:DWHUIDOOGLDJUDPIRUEXWWZHOGDQGGLIIHUHQWJDSWKLFNQHVVPP
:DWHUIDOOGLDJUDPVDJDLQVKRZWKHGHFOLQHRIWKHDFWLYLW\RIDXWRFRUUHODWLRQIXQFWLRQZLWKDQLQFUHDVLQJJDS)RUD
JDSPPDQXQVWDEOHZHOGDOUHDG\RFFXUV ,W LVREVHUYDEOHDOVR LQ WKHVKDSHRI WKHDXWRFRUUHODWLRQIXQFWLRQIRU
HDFK RI WKH ZHOGV ,Q )LJ  WKHUH DUH SORWWHG DYHUDJH DXWRFRUUHODWLRQ IXQFWLRQV IRU WKH VDPH H[SHULPHQWV 7KH
VLWXDWLRQIRUWKLFNQHVVPPLVVLPLODU
)LJ$XWRFRUUHODWLRQIXQFWLRQIRUWKLFNQHVVPPDQGWUHHGLIIHUHQWJDSV

1232   Libor Mrna and Petr Hornik /  Physics Procedia  83 ( 2016 )  1223 – 1232 
&RQFOXVLRQ
$VHULHVRIH[SHULPHQWDOEXWWDQGRYHUODSSHGODVHUZHOGVZLWKDQDUWLILFLDOJDSRIGLIIHUHQWVL]HVLQWKHPDWHULDO
;&U1LZDVFDUULHGRXW7KHDXWRFRUUHODWLRQDQDO\VLVRIWKHSODVPDSOXPHOLJKWHPLVVLRQVGXULQJZHOGLQJ
ZDV SHUIRUPHG 3ODVPD SOXPH UDGLDWLRQ ZDV DQDO\]HG XVLQJ WKH DXWRFRUUHODWLRQ IXQFWLRQ LQ D IRUP RI ZDWHUIDOO
GLDJUDP,WZDVIRXQGWKDWWKHVL]HRIWKHJDSDIIHFWVWKHDSSHDUDQFHRIWKHZDWHUIDOOGLDJUDP7KHDFWLYLW\RIWKH
DXWRFRUUHODWLRQIXQFWLRQGHFOLQHVHVSHFLDOO\LQWKHORQJHUWLPHODJ%DVHGRQWKLVLWFDQEHDVVXPHGWKDWOHVVFRKHUHQW
RVFLOODWLRQVRIWKHNH\KROHRFFXU7KLVNQRZOHGJHFDQEHHIIHFWLYHO\XVHGIRUH[DPSOHWRGHWHFWIDOVHIULHQGZHOG
QRWZHOGHGWRSDQGERWWRPVKHHWZLWKD ODSMRLQW7KLV LVDQLPSRUWDQWILQGLQJWKDWUHSUHVHQWVPRWLYDWLRQIRU WKH
IXUWKHU VWXG\ RI WKH ODVHU ZHOGLQJ SURFHVV WKURXJK DXWRFRUUHODWLRQ DQDO\VLV ZLWK D SURVSHFW RI SRVVLEOH IXWXUH
DSSOLFDWLRQVLQZHOGLQJSURFHVVGLDJQRVWLFV
$FNQRZOHGJHPHQWV
7KLVZRUNZDV VXSSRUWHG E\ WKH (XURSHDQ &RPPLVVLRQ DQG0LQLVWU\ RI (GXFDWLRQ<RXWK DQG 6SRUWV RI WKH
&]HFK5HSXEOLFSURMHFWV1R/2
5HIHUHQFHV
) + /DQJH DQG 3 % -RKQV ³&RUUHODWLRQ WHFKQLTXHV IRXQGDWLRQV DQG DSSOLFDWLRQV RI FRUUHODWLRQ DQDO\VLV LQ PRGHUQ FRPPXQLFDWLRQV
PHDVXUHPHQWDQGFRQWURO´/RQGRQ,OLIIH
7%DXW]HDQG0.RJHO+ROODFKHU.H\KROH'HSWKLVMXVWD'LVWDQFH/7-±GRLODWM
0%ROH\)$EW5:HEHU7*UDI;5D\DQGRSWLFDOYLGHRJUDSK\IRU'PHDVXUHPHQWRIFDSLOODU\DQGPHOWSRROJHRPHWU\LQODVHUZHOGLQJ
3K\VLFV3URFHGLD±
7.OHLQ09LFDQHN-.URRV,'HFNHUDQG*6LPRQ³2VFLOODWLRQVRIWKHNH\KROHLQSHQHWUDWLRQODVHUEHDPZHOGLQJ´-3K\V'$SSO3K\V

-.URRV8*UDW]NH09LFDQHNDQG*6LPRQ³'\QDPLFEHKDYLRURIWKHNH\KROHLQODVHUZHOGLQJ´-3K\V'$SSO3K\V
/0UQDDQG06DUERUW³3ODVPDEXUVWVLQGHHSSHQHWUDWLRQODVHUZHOGLQJ´3K\V3URF
/0UQD06DUERUW DQG65HUXFKD³$XWRFRUUHODWLRQDQDO\VLVRISODVPDSOXPHRVFLOODWLRQV LQGHHSSHQHWUDWLRQ ODVHUZHOGLQJ´ LQ/DVHUV LQ
PDQXIDFWXULQJ0XQLFK*HUPDQ\3DSHU1R
=6]\PDQVNL-+RIIPDQDQG-.XU]\QD³3ODVPDSOXPHRVFLOODWLRQVGXULQJZHOGLQJRIWKLQPHWDOVKHHWVZLWKD&:&2ODVHU´-3K\V'
$SSO3K\V
